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As the world population is constantly growing and will reach 9 billion people by 2050, 
the current danger to the world's food supply system creates a severe challenge. By 2050, more 
populations will be living in the cities and creating higher demand on food supply, but the 
farmable lands on our planet could be much less because of climate change and urbanization. 
Agricultural leaders have argued that cities will need to produce food internally to respond to 
demand by increasing population and to avoid harmful pollution and unaffordable food prices. 
Architecture, as the most influential element affecting our daily life, should react to this food 
crisis. Today, high-tech indoor farming systems have become more and more common and are 
easily accessible. It significantly increases the opportunity of growing food internally in the 
cities. This project will be proposing an architectural response to the food crisis and urban issues 
occurring now and in the future.  
 
The project will select proper indoor farming technology and its applications to 
implement on an abandoned hotel building. It will merge urban farms with support facilities for 
the local homeless population. The support will include general assistance, clinical treatment, 
farming education, and occupational therapy, reducing homelessness in this area. This project 
will predominantly focus on how farming and occupational therapy combine to improve 
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The United Nations has estimated that the world's population will increase by 40% and 
reach 9 billion people by 2050 and has also predicted that 80% of the total population will be 
living in the cities at that time.1 Related issues like housing problems and food security are 
following with the population growth and it is predicted to become worse in the future. We must 
change before the issues get severe. 
 
The overall purpose of this thesis is to explore the integration of food supply and other 
facilities, assisting the housing shortage problem in the metropolitan area in Los Angeles, 
focusing on reducing the pressure on the food supply system, pursuing environmental 
sustainability, and promoting economic and social sustainability at the same time. To find better 
design practices and ensure the feasibility of urban farming, the thesis will discuss related 
studies, current urban farming methodologies, interim houses industry, advantages and 
disadvantages, their potential accessory spaces and functions, and their possible effects on the 
urban environments and the neighborhoods.  
 
1.2. Food Crisis 
 
By 2050, we will require 70% more food, 30% more water, and 50% more energy to 
meet the demand of more people in the world. In other words, with our traditional horizontal 
farming system, we will need to add another agricultural land as big as Brazil (about 3.3 million 
square miles) to accommodate the needs of this increased population.2 While researchers are 
trying to find more agricultural land, our existing farmland is decreasing due to urbanization. 
California, one of the highest food producing states in the United States, loses a square mile of 
 
 
1 “World Population Prospects: The 2017 Revision | Multimedia Library - United Nations Department of Economic 
and Social Affairs.” United Nations. United Nations. Accessed November 10, 2019. 
https://www.un.org/development/desa/publications/world-population-prospects-the-2017-revision.html. 
 
2 Despommier, Dickson D. The Vertical Farm: Feeding the World in the 21st Century. New York: Picador, 2011. 
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farmland every five day3. With current development trends, 2000 square miles of California 
agricultural land will become cities by 2050.4  
 
Besides the development, our farmland is also facing severe climate conditions. In 2011, 
for example, the United States lost crops assessed at $110 billion due to the extended drought.5 
Scientists have predicted that these extreme weather conditions will continue to happen with a 
higher frequency in the future. Because of this, the famine situation can be worse in the future if 
we keep the way we farm. 
 
1.3. Housing Crisis 
 
In Los Angeles, there are currently about 59,000 homeless people living on the street. 
44,000 of them are unsheltered while others are sheltered under a total of 177 interim housing 
sites, totally providing 7,132 beds. While interim housing is a significantly scarce facility 
compared to the unsheltered population, numbers of sheltering facilities were planned and under 
construction, 44 sites. It will provide 3,500 beds in Los Angeles between 2020 and 2021.6 
 
Even with all the new interim facilities, the number of beds is still significantly shorter 
than the needs. The main reason is that these facilities are usually established by non-profit 
organizations, with their operations highly relying on government subsidies and public 
donations. With that only, the operating budget is impossibly sufficient for providing enough 
comfort level and healthy food for the residents. One news story shows a homeless shelter that 
serves more than 24,000 meals per month with a monthly food budget of $200. Therefore, the 
 
 




4 Edward Thompson, “Agricultural Land Loss &amp; Conservation,” July 2009, 
https://www.cdfa.ca.gov/agvision/docs/Agricultural_Loss_and_Conservation.pdf. 
 
5 Al-Kodmany, Kheir. “The Vertical Farm: A Review of Developments and Implications for the Vertical City.” 
Buildings 8, no. 2 (May 2018): 24. 
 




shelter could only provide cans and vegetables that grocery stores donated because of the 
freshness.7  
 
1.4. Hotel Reuse Program 
 
During the virus outbreak in March 2020, 10% to 15 % of hotels around the country 
suddenly went bankrupt because of the shutdown.8 A month later, there were only 30% of hotels 
in the Los Angeles market were occupied, and the industry became worse when time went by.9 
To slow down the outbreak, governors in most states in the United States had announced the 
stay-at-home order, and people had canceled all their leisure travel or business trips for more 
than half a year. With this background, the hotel industry has no sign of recovery while other 
businesses have already started to recover slowly. In such a bad situation, there are not only 
small hotel owners who were smashed, popular landmark hotels such as Hilton Times Square, a 
famous historical landmark hotel, just announced its permanent closure in October 2020. This 
situation will not just affect the building for being not in used there, but more than 350 
employees will be jobless at that time.10 
 
In the latest industry report, published by American Hotel and Lodging Association in 
August 2020, the unemployment rate in the accommodation sector after six months since the 
outbreak is still as low as 38% when the national average is only 10.2%. At the same time, 65% 
of hotels remain at or below 50% occupancy rate, which is the threshold most hotels can break 
 
 
7 Marcotte, Mackenzie. “Healing the Homeless with Grow Good.” Food Tank, December 19, 2016. 
https://foodtank.com/news/2016/11/healing-the-homeless-with-grow-good/ 
 
8 Oliver, David. “Half of US Hotels Could Close amid Coronavirus Crisis, Industry Exec Says.” USA Today. 




9 Doug, Smith. “'Tell the Hotels They Are Commandeered.' Homeless Activists Are Losing Patience with L.A.” Los 
Angeles Times. Los Angeles Times, May 3, 2020. https://www.latimes.com/homeless-housing/story/2020-05-
03/coronavirus-homeless-hotel-commandeer-squatting-protest-los-angeles. 
 
10 Gourarie, Chava. “Hilton Times Square Closing Permanently.” Commercial Observer. Commercial Observer, 




even and pay their debt. Therefore, thousands of hotels are at risk of closure, especially those 
lodges in the urban area, with their occupancy rate at a crippling low number of 38%.11 
 
Today, almost a year later, there is still no sign of recovery in this chaotic situation. 
McKinsey and Company, a famous business consulting company, has published an industry 
report predicting different scenarios of the recovering process of the hotel industry and 
concluding the most likely scenario is to recover after 2023.12 With the current desperate 
situation and the not promising outlook in the next three more years, more hospitality businesses 
could be closed, and more hotel buildings could be vacant and unused. 
 
As the studies before, most closed hotels and offices are being transformed to the 
apartments. One reason is that it is one of the most profitable building types, and the other reason 
is to try to fix the housing crisis, which is happened in most of the cities in the United States.13 
While the fact is that most cities are having enough vacant housing but lack affordable housing, 




11 “State Of The Hotel Industry Analysis: Covid-19 Six Months Later” (American Hotel & Lodging Association, 
August 31, 2020), https://www.ahla.com/sites/default/files/State%20of%20the%20Industry.pdf. 
 
12 Vik Krishnan et al., “Hospitality and COVID-19: How Long until 'No Vacancy' for US Hotels?,” McKinsey 




13 Trapasso, Clare. “As the Pandemic Empties Office Buildings, Can Those Spaces Help Solve the Housing Crisis?” 
Real Estate News and Advice, August 12, 2020. https://www.realtor.com/news/trends/office-hotel-conversions-to-
housing/. 
 
14 Tinoco, Matt. “Does LA Actually Have More Vacant Units Than Homeless People? Our Mea Culpa.” LAist, 




1.5. Problem Statement 
 
Today, the housing crisis is an urgent urban problem that is occurring in many cities 
along with food security emergencies happening globally.  
 
Architecture should be more responsive to finding a solution to these two issues and 
















2.1. History of Urban Indoor Farming 
 
The idea of indoor farming is nothing new but straightforward, growing more with less, 
farming up rather than out.15  
 
The idea of growing indoors was to create a space that suits the crop that farmers are 
growing. With this controlled environment, crops grow better, faster, and without any 
disturbance of the weather outside. The idea of this can be traced back to the first century, when 
Romans who grew their vegetable, they produced it in carts so that they can move it from 
outdoor to indoor whenever the weather is cold.16  
 
The modern heated greenhouse was formally introduced in Korea in 1450 and appeared 
in Netherlands and United Kingdoms in 17-century.17 These greenhouses mainly focused on 
creating a temperature-controlled environment, so the growing season can be extended year-
round and generates more yields. Today, Netherlands has the highest density of greenhouses on 
its relatively small land and has become the second-largest exporter of food measured by value, 
second only to the United States, which is 270 times greater in terms of land size.18 
 
While greenhouse technology is well utilized, researchers have been exploring other 




15 Despommier, Dickson. “Farming up the City: the Rise of Urban Vertical Farms.” Trends in Biotechnology 31, no. 
7 (2013): 388–89. 
 
16 Gwen Bruno, “A Short History of the Greenhouse - Dave's Garden,” March 1, 2012, 
https://davesgarden.com/guides/articles/view/3607. 
 
17 Yoon, Sang Jun, and Jan Woudstra. "Advanced Horticultural Techniques in Korea: The Earliest Documented 
Greenhouses." Garden History 35, no. 1 (2007): 68-84. Accessed October 13, 2020. doi:10.2307/25472355. 
 




Back in 1627, Sir Francis Bacon and English scientists became the first group to explore 
the possibility of growing terrestrial plants without soil in “A Natural History”19 Scientists have 
kept exploring the research and the development of technology related to this area, and a list of 
nine essential elements for plant growth had been complied with by 1842.20 In 1929, William 
Frederick Gericke, an agronomist from the University of Berkley, had developed modern 
hydroponics, a way of growing plants without soil but adding all the nutrition and the essential 
elements directly to crops. He had begun publicly promoting this way of farming.21 Hydroponic 
farming later became the most popular solution for indoor farming and was used during World 
War II to feed troops in the United States.22  
 
With high development of greenhouse technology, Singapore has built the world’s first 
low carbon, hydraulic driven vertical farm and produced fresh vegetables in a relatively tiny and 
crowded land in the city.23 And there are more and more urban projects being proposed and 
introduced to the urban areas we live nowadays. 
 
2.2. Types of Indoor Farming Technology 
 
Indoor farming technology has evolved with the technology developed. The greenhouse 
is not only temperature-controlled but integrated with all the other data. Soil-free farming is not 
limited to hydroponic but other similar technologies such as aquaponics and aeroponics. The 
differences and their pros and cons will all be discussed in this paragraph and help decide which 
technology is suitable in our design case later. 
 
 
19 Bacon, Francis. Sylva Sylvarum, or, A Natural History, in Ten Centuries: Whereunto Is Newly Added The History 
Natural and Experimental of Life and Death, or of The Prolongation of Life. London: Printed by B. Griffin, 1980. 
20 Douglas, James Sholto. Advanced Guide to Hydroponics: Soilless Cultivation. London: Pelham, 1989. 
 
21 “The History of Hydroponics - The Past, The Present, and The Future.” Green and Vibrant. Accessed November 
10, 2019. https://www.greenandvibrant.com/history-of-hydroponics. 
22 “National Nutrition Month: Hydroponics Feed Ailing WWII Army Air Forces.” Air Force Medical Service, 
March 26, 2014. https://www.airforcemedicine.af.mil/News/Article/582803/national-nutrition-month-hydroponics-
feed-ailing-wwii-army-air-forces-personnel/. 
23  “About Sky Greens.” Sky Greens, September 28, 2015. https://www.skygreens.com/about-skygreens/. 
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Figure 2.2.1 Greenhouse in Netherlands24 
 
Unlike traditional outdoor farming which depends on the unstably natural environment, 
the greenhouse is a method to create favorable environmental conditions for plants by growing 
them inside a framed structure, covered with glasses or other transparent materials. 
 
With the nature of glass boxes, the heat will pile up and allow the plants to grow earlier at 
the end of the winter or grow plants that need a warmer environment in a cool climate area. 
Introducing natural ventilation during the hot season by opening the windows on the roof 




24 “Home,” Home, accessed September 31, 2020, https://yeager-energy.com/. 
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By doing so, the first advantage is to have a continued harvest season and grow 
vegetables outside of their regular season, allowing for sales during months in which the market 
supply is low and leads to a higher retail price.25 The second advantage is that when plants are 
grown in a protected environment in the greenhouse, the pesticides could be less used, and fewer 
residues will be on the crops. The last one is that plants in the greenhouse could stand closer to 
each other as long as the light and nutrients are well calculated. With all these, the crop yields 
can be ten times more than an open-field production and bring higher profits.26 
 
In the high-tech greenhouse, there will be more factors to control. Farmers can adjust the 
temperature freely to have better yields. With LED technology and the lower energy cost, 
farmers manage to optimize the light demands to the plants even on the days that are shorted of 
natural light and grow the crops faster and more sizable.  Other factors such as humidity, the 
concentration of carbon dioxide, and even the nutrients are all adjustable with our technology. 
But in these cases, the cost needs to be calculated carefully for justifying the energy consumption 
and the crop yields. 
 
Overall, the greenhouse is an improvement of traditional open-field soil farming, 






25 Thibault Nordey et al., “Protected Cultivation of Vegetable Crops in Sub-Saharan Africa: Limits and Prospects for 
Smallholders. A Review,” Agronomy for Sustainable Development 37, no. 6 (2017), 
https://doi.org/10.1007/s13593-017-0460-8. 
 
26 John M. Wachira, Patience M. Mshenga, and Mwanarusi Saidi, “Comparison of the Profitability of Small-Scale 
Greenhouse and Open-Field Tomato Production Systems in Nakuru-North District, Kenya,” Asian Journal of 
Agricultural Sciences 6, no. 2 (2014): pp. 54-61, https://doi.org/10.19026/ajas.6.5303. 
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2.2.2. Hydroponic Farming 
 
Hydroponic farming is a soil-free farming technology, using water with added nutrients 
as the nutrient liquid to grow. 
 
 
Figure 2.2.2-1 Hydroponic Farms and Its Growing Racks27 
 
While nutrients sources in traditional farming are highly reliant on soil conditions, 
hydroponic farming grows crops directly in nutrient-rich water. In this way, farmers can control 
how much nutrients to put in and monitor the growing environment. With this technique, the 





27 “What Are Hydroponic Systems and How Do They Work?,” Fresh Water Systems, accessed September 31, 2020, 
https://www.freshwatersystems.com/blogs/blog/what-are-hydroponic-systems. 
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Some essential elements are usually controlled and adjusted to meet the growing 
condition, freshwater with balanced PH value, oxygen and carbon dioxide, nutrients such as 
magnesium, phosphorus, calcium, and others, and light.28 With all these controllable elements in 
the indoor environment, the hydroponic system can grow anywhere in the world at any time, and 
it has become a popular way of urban farming. And because every key variable in plant growth 




 While plants can technically grow 
in the nutrient liquid without any support 
for its root, the hydroponic system usually 
uses Rockwool as the root supporter in 
practice. So the plants can be fixed in either 
horizontal or vertical containers and 
transported easily.29 Before moving into the 
liquid-filled shelves, seeds are usually 
grown in the supporter for few days until 
their roots are grown and firm so the 






28 Verticalroots, “What Is Hydroponic Farming? Why Use Hydroponics?,” September 29, 2020, 
https://www.verticalroots.com/the-what-and-why-of-hydroponic-farming/. 
 
29 Growpackage Eco Farm, “What's the Best Growing Medium for Hydroponics,” Medium (Medium, September 17, 
2019), https://medium.com/@cannabisgrowkit/whats-the-best-growing-medium-for-hydroponics-55db597d6b64. 
 




Although the hydroponic system looks very convenient, there are some restrictions on it. 
The growing shelf should be sized according to the plants so that the crops can grow properly. 
The farmers usually decide what to plant and arrange the space accordingly to optimize the 
spatial efficiency and maximize the crop yields. Hydroponic is also less suitable for larger crops 
or crops grown in soil because they will need larger equipment for it. 
 
Overall, hydroponic farming is a relatively high-tech farming system that can grow any 
plant anywhere as long as the growing environment meets the minimum requirement. It also 
creates higher yields with fewer resources because of its preciseness.  
 18 
2.2.3. Aquaponic Farming 
 
Aquaponic farming is a union system of hydroponic and aquaculture, sustainably and 
efficiently growing plants and culture fish concurrently. The reason for doing it is simply 
because of the mutualism between fish and plants. The aquarium needs to be filtered in 
traditional aquaculture because the excrements from the animal can be accumulated in the water 
and increasing the toxicity, but with the mutually living plants nitrification, ammonia, the most 
toxic element in aquarium water, could be converted to nitrate nourishment, and be used as an 
agricultural nutrient. After plants removing the resulting nitrate compounds for nutrition, the 
filtered water can go back to the aquarium without harming the animal.30 
 
 
     Figure 2.2.3-1 Typical Water Cycle in Aquaponics 
 




30 Pattillo, D. Allen, "An Overview of Aquaponic Systems: Hydroponic Components" (2017). NCRAC Technical 
Bulletins. 19. http://lib.dr.iastate.edu/ncrac_techbulletins/19 
 
 19 
As the figures above show, aquaponic farming is a relatively flexible system, many 
components in this system are optional just for efficiency, it can still work even without those 
elements. For example, the extra bacteria added in the settling tank is a key to nitrify all the 
ammonia in the system. Without it, the farmer only needs to keep track of the water quality 
frequently and keep the proportion of fish and plants proportioned. The planting beds can be 
located in a greenhouse, utilizing natural sunlight, or placed in the indoor environment and relied 
on artificial lights. Adding the extra nutrients to the water to reach the scientifically best amount 
of nourishment that the plants need and yield the bigger crops in a shorter period. 
 
 In the commercial aquaponics system, the recommendation is to separate the fish tanks 
according to fish sizes. Smaller fish are usually more sensitive to water quality, as grown-up fish 
are less sensitive. Also, the amount of fish excrement will be fluctuated a lot when removing 
larger fish from the tank, wish multi fish tank system, this effect can be minimized and leads to a 
stabler farming system.31 
 
While the fish proportion is varied from different species and different system setups, 
there is no specific manual but is usually decided by experience. The recommendation to the 
commercial system is to start from a ratio of fish to plants in 1:2 because it usually has the 
optimum production for most fish, plants, and nutrient removal processes.32 
 
Overall, aquaponic farming is an advanced way in hydroponic farming, combining two 
different food-producing systems in a sustainable method.  
 
 
31 James E. Rakocy, “Aquaponics-Integrating Fish and Plant Culture,” Aquaculture Production Systems, 2012, pp. 
344-386, https://doi.org/10.1002/9781118250105.ch14. 
 
32 A.p. Shete et al., “Optimization of Hydraulic Loading Rate in Aquaponic System with Common Carp (Cyprinus 




2.2.4. Aeroponic Farming 
 
Unlike hydroponic using liquid nutrients as growing mediums, or aquaponic using water 
and fish waster, aeroponic conducts nutrients without a growing medium. The Aeroponics 
system directly injects nutrients and other growing essentials into the roots in a mist form. That 
is where the name “aero”-ponic comes from and why people always compare it with hydroponic 
farming. It is also considered the best way to grow our food in outer space and has been utilizing 
in practice in recent years.33 
 
 
Figure 2.2.4 Aquaponics Farming System34 
 
Because aeroponic is absorbing nutrient mist instead of soaking the roots in the water, it 
consumes much less water than hydroponics. Without the disturbance of the growing medium, it 
produces the highest yield in the shortest time. But it also brings out its downsides, the mist 
needs to operate accurately, and any interruption like electricity shortage or system error is not 
acceptable since the root can dry out and die in a short time. 
 
 
33 J. He, “Integrated Vertical Aeroponic Farming Systems for Vegetable Production in Space Limited 
Environments,” Acta Horticulturae, no. 1176 (2017): pp. 25-36, https://doi.org/10.17660/actahortic.2017.1176.5. 
 
34 “Aeroponic Systems: Gardening Tips for Hydroponic Growers,” Aeroponic Systems: Gardening Tips for 
Hydroponic Growers, September 29, 2020, https://www.advancednutrients.com/articles/aeroponics-nutrients-how-
to-guard-against-the-biggest-aeroponic-problems/. 
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2.2.5. Comparison of Indoor Farming Technologies 
 
 
Figure 2.2.5 Indoor Farming Comparison 
 
The chart does not include greenhouse technology in the comparison because it can 
combine with all the other types of farming technology. As hydroponic and aeroponic are similar 
concepts, we can see aeroponic could have higher yield speed but at the same time with a higher 
cost, more restriction on growing species, and lower malfunction resistance. 
 
The aquaponic system is relatively more expensive and required more space for 
equipment, but more species can be grown in return. At the same time, the ornamental fish tanks 
are worth considering when deciding which system to be adopted. 
  
 22 
2.3. Benefits of Indoor Vertical Farming  
 
2.3.1. Environmental Aspects 
 
2.3.1.1. More food on less land 
 The purpose of indoor vertical farming is to solve our shortage of land on earth. 
Similar to cities stacking homes and offices layers by layers together, we layer the 
farmable field and create more farmland on less land.35 
 
2.3.1.2. Less deforestation 
 To form a conventional agricultural land, we often must cut down the forests and 
convert it to farmlands. A study led by Stanford researcher Holly Gribb shows that 
more than 80% of the new farmland created between 1980 and 2000 came from 
cutting tropical forests.36 It is one of the most destructive processes to our ecosystem 
since “Every million acres of forest that is cut releases the same amount of carbon 
into the atmosphere as 40 million cars do in a year”, said Gibb. 
 
2.3.1.3. Less pesticide 
 Pesticides are commonly used in traditional outdoor farming. While it controls 
vector diseases, brings higher yields and better quality of crops, these chemicals can 
also contaminate soil, water, turf, and other vegetation.37,38,39 In addition to preventing 
 
 
35 Touliatos, Dionysios, Ian C. Dodd, and Martin Mcainsh. “Vertical Farming Increases Lettuce Yield per Unit Area 
Compared to Conventional Horizontal Hydroponics.” Food and Energy Security 5, no. 3 (June 2016): 184–91. 
 
36 Gibbs, H. K., A. S. Ruesch, F. Achard, M. K. Clayton, P. Holmgren, N. Ramankutty, and J. A. Foley. “Tropical 
Forests Were the Primary Sources of New Agricultural Land in the 1980s and 1990s.” PNAS. National Academy of 
Sciences, August 31, 2010. https://www.pnas.org/content/early/2010/08/30/0910275107.abstract. 
 
37 Ross, Gilbert. “Risks and Benefits of DDT.” The Lancet 366, no. 9499 (2005): 1771–72.  
 
38 Kole, R. K., H. Banerjee, and A. Bhattacharyya. “Monitoring of Market Fish Samples for Endosulfan and 
Hexachlorocyclohexane Residues in and Around Calcutta.” Bulletin of Environmental Contamination and 
Toxicology 67, no. 4 (2001): 554–59.  
 
39 Andreu, Vicente, and Yolanda Picó. “Determination of Pesticides and Their Degradation Products in Soil: Critical 
Review and Comparison of Methods.” TrAC Trends in Analytical Chemistry 23, no. 10-11 (2004): 772–89. 
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insects and weeds from coming to farmlands, pesticides are also toxic to larger 
creatures such as birds, fish, and other non-target plants.40 Unlike conventional 
farming, indoor vertical farming is processing in a controlled indoor environment, 
which provides the benefit of reducing the use of pesticides.41 
 
2.3.1.4. Less transportation 
 Food needs to be transported from farms to grocery stores and arrive at our 
kitchen before we eat. In Los Angeles, even the locally grown vegetables generally 
need about 200 miles of transportation from the Central Valley area to the 
metropolitan area. If we could eat all locally grown food for one year, we can save as 




40 Senthilkumar, Kurunthachalam, Kurunthachalam Kannan, Annamalai Subramanian, and Shinsuke Tanabe. 
“Accumulation of Organochlorine Pesticides and Polychlorinated Biphenyls in Sediments, Aquatic Organisms, 
Birds, Bird Eggs and Bat Collected from South India.” Environmental Science and Pollution Research 8, no. 1 
(2001): 35–47. 
 
41 Cho, Renee, Renee Cho, and Fujimoto. “Vertical Farms: From Vision to Reality.” State of the Planet, December 
1, 2011. https://blogs.ei.columbia.edu/2011/10/13/vertical-farms-from-vision-to-reality/. 
 
42 Weber, Christopher L., and H. Scott Matthews. “Food-Miles and the Relative Climate Impacts of Food Choices in 
the United States.” Environmental Science & Technology 42, no. 10 (2008): 3508–13. 
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2.3.2. Social Aspects 
 
2.3.2.1. Greens for community  
 Gardening and farming are some of the most common ways to gathering people in 
the neighbors regardless of the generation to increase their social interactions.43 In an 
urban area where people are usually from different cultures and backgrounds, 
community gardens and farming could also be the bridge for social interactions.44 In 
high-density cities like New York City, lands are a scarce resource that people are 
often unwilling to create open spaces for this low or no revenue facility. With an 
indoor farming system, there is the potential for a growing number of community 
farms in these high-density cities nowadays. 
 
2.3.2.2. Food security 
          Food security has become an important issue due to the shortage of farmland 
and climate changes. The current famine situation could be worse in the future if we 
kept the way we farm. 
 
2.3.2.3. Healthier food 
 As mentioned in the front, produce from indoor farming could have fewer 
pesticides used during the growing period and less transportation time. These are 
closely related to our health since the freshness of the food we consume directly 




43 Kingsley, Jonathan ‘Yotti,’ and Mardie Townsend. “‘Dig In’ to Social Capital: Community Gardens as 
Mechanisms for Growing Urban Social Connectedness.” Urban Policy and Research 24, no. 4 (2006): 525–37. 
 
44 Christensen, Søren, Pernille Malberg Dyg, and Kurt Allenberg. “Urban Community Gardening, Social Capital, 
and ‘Integration’ – a Mixed Method Exploration of Urban ‘Integration-Gardening’ in Copenhagen, Denmark.” Local 
Environment 24, no. 3 (2018): 231–48. 
 
45 Sanjuan-Delmás, David, Pere Llorach-Massana, Ana Nadal, Esther Sanyé-Mengual, Anna Petit-Boix, Mireia 
Ercilla-Montserrat, Eva Cuerva, et al. “Improving the Metabolism and Sustainability of Buildings and Cities 




2.3.3. Economic Aspects 
 
2.3.3.1. Better and year-round growing 
 Since indoor farming can operate year-round without being affected by weather 
conditions, it can provide more production and higher income.46 Furthermore, crops 
can grow better in a controlled environment than conventional outdoor farming and 
lead to higher yields and better profits.47 
 
2.3.3.2. Less transportation cost 
 If the farm is right next to the customers, the transportation cost, which constitutes 
up to 60% of the total cost, could be saved, and the farmers could have a better 
competitive food price.48 
 
2.3.3.3. More popular in the market 
           Hydroponic products are usually popular in the market. Leafy greens in New 
York City, for example, the indoor environment provides the chances of growing 
produce that cannot grow in the outdoor area due to the weather. While those 
products are typically grown in California or Arizona and need more than a week for 
transportation, hydroponically grown greens can arrive at the customer's within less 




46 Katz, Bruce, and Jennifer Bradley. The Metropolitan Revolution: How Cities and Metros Are Fixing Our Broken 
Politics and Fragile Economy. Washington, D.C.: Brookings Institution Press, 2015. 
 
47 Kalantari, Fatemeh, Osman Mohd Tahir, Raheleh Akbari Joni, and Ezaz Fatemi. “Opportunities and Challenges in 
Sustainability of Vertical Farming: A Review.” Journal of Landscape Ecology 11, no. 1 (January 2018): 35–60. 
 
48 Al-Kodmany, Kheir M. “Sustainable Tall Buildings: Cases From The Global South.” International Journal of 
Architectural Research: ArchNet-IJAR 10, no. 2 (2016): 52. https://doi.org/10.1515/jlecol-2017-0016. 
 
49 Agritecture. “Urban Farms Are Growing Amongst NYC's Skyscrapers.” AGRITECTURE. AGRITECTURE, 
January 24, 2019. https://www.agritecture.com/blog/2019/1/23/urban-farms-are-growing-amongst-nycs-skyscrapers. 
 
 26 
2.3.4. Pandemic Situation 
 
During the Pandemic that outbroke in March 2020, most cities in the United States faced 
empty shelves in the grocery stores, creating a severer fear in such a bad situation. And the 
reason for this is because of the long transportation from farm to market. With the air 
transportation shut down and country borders closed, the supply chains of crops were also 
stopped and led to that situation. 
 
Lettuce, for example, is usually required 30-45 days to grow in an open field and 2000 
miles to travel. While an urban indoor-grown lettuce needs only 12 days to mature and less than 
50 miles to travel, growing food in the city can close the supply chain gap and avoid similar 




50 Klein, Jesse. “Looking Up: Vertical Farms Fill Produce Supply Chain Lag during Pandemic,” June 11, 2020. 
https://www.greenbiz.com/article/looking- vertical-farms-fill-produce-supply-chain-lag-during-pandemic. 
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2.4. Interview with Current Indoor Farmer 
 
Since there is barely any indoor garden using high-tech farming integrated with other 
types of architecture on the market right now, there is an interview with the current indoor 
farmer to discuss the feasibility and difficulty of this innovation. 
 
 
Figure 2.4.1 Indoor Farming Comparison51
 
 
Rochester Institute of Technology has been exploring indoor farming technology and 
practice for years. Now, there are more than 500 plants harvested each week, providing fresh 
greens constantly to the restaurants on campus, by only this 40-foot upcycle shipping container. 
With its climate control technology and proper growing equipment, this single shipping box can 
grow 365 days a year. 
 
 
51 Felicia Swartzenberg, “Thinking Outside the Box: RIT Hydroponic Farm Changes the Dining Experience,” 
September 23, 2019, https://www.rit.edu/news/thinking-outside-box-rit-hydroponic-farm-changes-dining-
experience. 
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From the interview, different practical knowledge was shared by Dave Brault, improving 
the feasibility of this project.52 
 
For example, whenever the yields are much higher than the demand, farmers must find a 
way of storing or selling. However, the production rate is controllable for matching the market 
demand. The current production rate, 500 plants production per week, could be adjusted to 1000 
plants every other week as farmers wish. With this technique, the farmer can maintain the 
freshness of the yields. 
 
Another finding is that the farmers could have much less work than traditional horizontal 
farming with the technology. Everything in the indoor environment is controlled and monitored 
so that the staff does not need to spend too much time checking all the growing conditions. That 
is why this indoor farm in RIT only requires one employee to spends about 15 hours per week on 
average. Because of the assistance of the monitor system, farming has become easier for 
nonprofessional farmers. As Dave said, “If you can cut PVC at your place, you can even build 
your hydroponic farm in your house.” 
 
While there are many advantages to indoor farming, the downside of this technique is 
hard to ignore. Compared to traditional farming, indoor farming has more limitations on plant 
size, especially in the hydroponic system. It cannot grow plants that grow under the soil and any 
plants bigger than the racks in the vertical systems. That is why the most common crops right 
now are leafy, herbs, and small fruity crops only. Also, because indoor farms usually use the 
soil-free system, one of the main components in farming, touching the soil, is missing. So, it is 
always good to consider adding soil farming to any high-tech farm.  
 
 
52 Brault, Dave, and Pinhan Su. Hydroponic Farming Technology in RIT. Personal, October 29, 2020. 
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2.5. Homeless Garden 
 
In recent years, a new type of homeless shelter called the "homeless garden" has started 
to grow, helping the homeless rebuild their confidence, work skills, and prepare them to return to 
their regular life. The most different part between traditional shelter and this garden type is that 
the homeless garden will teach them social and occupational skills and at the same time grow 
their own food, which is fresh and healthy.53 A one-acre farm in Grow Good can produce 6,000 
pounds of fresh produce, worth more than $18,000 per year. 
 
While this type of facility usually locates in a relatively suburban area of the cities 
because of the land price, growing them indoors could potentially help more homeless and at the 
same time increase the yield by four times to 16 times, giving the organization more financial 
flexibility. With this project, we could also provide an alternate way of reusing hotels to solve 




53 Danson, Rob. “Food on Foot Helps Homeless Get Jobs, Apartments, Rebuild Self-Confidence and Social Skills 




2.6. Precedent Study 
 
This thesis will conduct a collection of indoor farming utilizations and three precedent 
studies to find examples and understand how architecture can promote urban farming. Further, 
this thesis will analyze those design proposals made by architects who are trying to respond to 
the future food crisis and summarize the main design features and characteristics of the indoor 
farm projects. The final design solution will be based on these precedent studies. 
 
2.6.1. Case Study 
 
This section will introduce five different ways of using indoor farming technology. All 
these approaches are popular and well utilized nowadays.54 
 
2.6.1.1. Hydroponic farms in shipping containers 
 
       
 Figure 2.6.1-1   Shipping Container Farm  Figure 2.6.1-2 Container Farm Interior 
  
By growing food in a shipping container, the farm is able to grow food year-round and be 
hauled and moved to any place at any time. With this approach, anyone can start a new farm in 





54 Tom Page, “'World's Largest Vertical Farm' to Feed Middle East's High-Fliers,” CNN (Cable News Network, July 
10, 2018), https://www.cnn.com/travel/article/dubai-vertical-farm-emirates-catering/index.html. 
 
 31 
2.6.1.2. Hydroponic farms in indoor 
 
   
   Figure 2.6.1-3 High-Tech Hydroponic Farm 1  Figure 2.6.1-4 High-Tech Hydroponic Farm 2 
 
To grow food in an indoor environment with comprehensive control of lighting using 
artificial lighting is one of the most popular ways of growing indoors. This type of indoor farm 
can range from traditional low tech to high tech approach of doing all the work by the robot. 
 
 
2.6.1.3. Mushroom farms in indoor 
 
  
   Figure 2.6.1-5 Underground Mushroom Farm 1  Figure 2.6.1-6 Underground Mushroom Farm 2 
 
The mushroom farm is a relatively new type of indoor farming, with very little need for 
lights. Mushrooms can be grown with enough humidity in any indoor environment and provide 





2.6.1.4. Indoor farms in a shelf  
 
  
    Figure 2.6.1-7 Hydroponic Shelves 1  Figure 2.6.1-8 Hydroponic Shelves 2 
 
In Germany, this interesting indoor farming method was introduced years ago. A modular 
shelf is manufactured and sold to grocery stores for growing vegetables and sold to the 
customers in the local grocery stores. At the same time, guests can see where the products they 
are buying are harvested. 
 
2.6.1.5. Aquaponic aquarium  
 
  
    Figure 2.6.1-9  Desk Grow Aquarium 1  Figure 2.6.1-10  Desk Grow Aquarium 2 
 
Besides the traditional commercial aquaponics, there is also a smaller home version of it 
for personal decoration. Although this type of system is not suitable for producing crops as daily 
food, it is still a sustainable solution for aquarium use because it is a self-cleaning system using 
plants as the water filter. 
 33 
 
2.6.2. Related Architectural Projects 
 
2.6.2.1. Floating Urban Farming Tower55 
Designed by Studio NAB 
 
 
Figure 2.6.2-1 Floating Urban Farm Tower 
 
The proposed project designed by Studio NAB is a design in response to the population 
growth and the significantly higher food demand by 2050. This six-story building is exercising 
indoor urban farming, growing high-yielding food, reviving agricultural economies, and being an 
energy-independent farm. 
Unlike traditional urban farms growing limited to salads and fruits, this farm broadens its 
production to other food, such as fish and honey. It also seeks to recreate an ecosystem in the 
urban environment, including seaweed culture, beekeeping, and other culturing systems. Due to 
 
 
55 Niall Patrick Walsh, "Studio NAB Designs a Floating Urban Farming Tower for Future Cities," ArchDaily, 




this, this urban farm is adopting not only one farming technique but with a diversity of 





Figure 2.6.2-2 Floating Urban Farm Tower - Ground Floor 
 
 The ground floor is hosting storage, freezer, and the shop, with direct access by a bridge 
connection between this tower farm on the water and the land. By welcoming local neighbors 
buying food locally, the residents can not only have fresher food but create local job positions at 
the same time. 
 
The first floor, a 12-meter x 12-meter space, same as the ground floor, will be used as the 
administration space, including office, break room, sanitary, and other utility spaces for all the 
staff in this building. The second floor will be an open platform with expansion from the original 
12-meter x 12-meter, infilled with culturing facilities, including Ginseng culturing, Klamath 
culturing, Spirulina culturing, and Aloe Vera culturing. 
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Figure 2.6.2-3 Floating Urban Farm Tower - First Floor 
 
 
Figure 2.6.2-4 Floating Urban Farm Tower - Second Floor  
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Figure 2.6.2-5 Floating Urban Farm Tower – Third Floor 
 
 
Figure 2.6.2-6 Floating Urban Farm Tower - Fourth Floor 
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Figure 2.6.2-7 Floating Urban Farm Tower - Fifth Floor 
 
The fifth floor is assigned for the large-scale production of green vegetables and fish at 
the same time by utilizing aquaponic and hydroponic technology. 
 
The sixth floor has the largest area in this tower, with the functions of being a 
greenhouse, producing greens and berries, and at the same time, creating an environment for bee 
breeding and honey culturing. Wind turbines and solar panels are standing on the roof, providing 
energy in this tower without the disturbance from other buildings due to its location. 
 
While there is energy production equipment on top of the greenhouse, the number of 
natural lights coming indoors could be affected. There is not enough data to observe the actual 
effects of this due to the lack of precise location on this concept proposal. For adopting a similar 
setup in the project, a solar and equipment study will be required. 
 
As seen from these sections, starting from the third floor, the floor area expands larger as 
the level gets higher. It is mainly because the design team wanted to minimize the footprint of 
the ground floor while the building could affect the natural water body. By reducing the building 








This project provides a new idea about urban farming in producing food other than salads 
and small fruits. The aquaponics system offers the ability of fish cultivation, significantly 
increasing the variety of food production. 
 
Besides food production, this project has extended its function from food production to 
recreating a small ecosystem in the urban environment, restoring a link between food consumers 
and producers. It also seeks to improve the awareness of sustainability.  
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2.6.2.2. Sunqiao Urban Agricultural District56 
Designed by Sasaki Associates 
 
 
Figure 2.6.2-9 Sunqiao Urban Agricultural District 
 
With more than 24 million inhabitants to feed in Shanghai, Sunqiao Urban Agricultural 
District is designed to introduce large-scale vertical farming to the city center. While the purpose 
of this project is to respond to the growing agricultural demand in the region, Sasaki Associates 
is also trying to extend its vision by using this urban farm as a dynamic laboratory for 
innovation, interaction, and education. 
 
While the demand for leafy greens in the Shanghainese diet can be satisfied with 
hydroponic and aquaponic systems efficiently, this project deploys a range of urban-friendly 
farming techniques such as algae farm, greenhouse, green wall, and seed library. This 
arrangement brings local people to visit this place and experience agriculture as a new leisure 
activity in the city.  
 
 
56 Niall Patrick Walsh, "Sasaki Unveils Design for Sunqiao, a 100-Hectare Urban Farming District in Shanghai," 




Figure 2.6.2-10 Sunqiao Urban Agricultural District – Site Plan 
 
As a food production center, this 250-acre farming district has its large production area 
separated from those public-centered production areas in the south, such as the aquaponics 
showcase, science museum, sky garden, and interactive greenhouse. By doing so, public guests 
can immerse themselves in this agricultural environment without disturbing its growing 
environment. 
 
This approach supports a more sustainable food supply, increasing the livability in the 
city. It will even push itself toward a new level with its scheduled expansion of restaurants, 
markets, culinary academy, and pick-your-own experience in the future, into an advanced 
combination of integrating agriculture into urban life. 
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Figure 2.6.2-11 Sunqiao Urban Agricultural District – Features 1 
 
Figure 2.6.2-12 Sunqiao Urban Agricultural District – Features 2 
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Having different farming techniques involved not only delivers good diversity in crops 
but creates a place for visitors to learn more about how the food on our table every day grows. 
The entire project has become not only a food production center but also an educational center 
where the neighbors come and spend their afternoons here, connecting with agriculture and 
nature. 
 
With this complexity of different systems, the integration of it can be critical. Water 
resources, for example, some used water we want to be collected and some we do not pursue, 
some water needs to be filtered before use, and some do not need. These all can affect the layout 
designer put and need to be considered carefully in the preliminary design phase. 
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2.6.2.3. Austin Resource Center for The Homeless57 
Designed by LZT Architects 
 
 
Figure 2.6.2-14 Austin Resource Center for The Homeless 
 
Designed by LZT Architects, Austin Resource Center for Homeless, designed and 
completed in 2004, is a 26,800 square feet LEED Silver-rated mixed-service homeless shelter in 
downtown Austin in response to the urban homeless issue. Although the building has its original 
designed capacity for 300 adults of the day services and 100 adults residential service, it 
currently serves more than 600 adults for day services and 230 adults for residential. The number 
is more than double its original design. 
 
Besides the sleep and dining area, the building consists of a common-use day room, 
showers, locker rooms, laundry facilities, a computer room, an art studio, and offices for various 
 
 




community support agencies. The architect organized the idea and integrated the project with a 
series of sustainable ideas. While there were only a few precedents of this mixed service model 
and the concept of sustainability was just introduced to the public back then, the project was 
chosen as one of the AIA committees on the Environment Top Ten Projects in 2005. 
 
 
Figure 2.6.2-15 Austin Resource Center for The Homeless - Sustainable 
 
The exterior shows its devotion to sustainability. The openings bring natural light to more 
than 90% of the building area and provide direct visions of the outdoor scene. A cut-through in 
the central part of the building becomes a light well to the building interior in all three floors, and 
at the same time, the building has a 20% reduction in energy use compared to similar projects. 
 
The sloped metal roof acts not only as a stand for photovoltaic panels and solar water 
heating systems. It also works as a rainwater collector bringing water to 24” diameter collection 
tubes located on the south side of the building, acting as solar shading devices. 
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The outdoor entry court 
separates the street and the 
building, giving the prospective 
residents a transition mentally and 
physically. As the residents enters 
the lobby, the double height space 
and the abundance of natural light 
coming from the south smoothen 
their minds from the danger and 
unpredictability of the street 
outside. 
 
 The first floor provides 
general features for the residents 
and visitors, including the 
reception area, the laundry room, 
and the locker room. There is also 
a health clinic on the first floor, 
functioning as a day service 
provider for not only the residents 
but all the visitors who need it. 
 
 The second floor is mainly 
for day services and is where most 
people will gather during the day, 
including the cafeteria, shared 
workspaces, and different types of 
sitting areas. The entire second 
floor is visually opened to the 
public through the double high 
space on the first floor. 
Figure 2.6.2-16 Austin Resource Center – First Floor 
 
Figure 2.6.2-17 Austin Resource Center – First Floor 
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Besides a commercial-scale kitchen preparing food for day services, there is an outdoor 
roof terrace next to the cafeteria, hosting for vegetable and flower garden initiated by the 
community. The crops are used for the kitchen directly. 
 
 
 The third floor is mainly 
assigned for the residents only, with 
five separate bedrooms for 100 
residents. Through these separated 
sleeping rooms, the managing staff 
can arrange similar residents together 
and preserve harmony. 
 
 While the showers are on the 
second floor and have easier access 
by visitors, the third floor has its 
unisex restroom for easier access by 






As the project shows, communal spaces in this type of architecture are a crucial element. 
It provides a gathering space for the residents during the day and acts as an overflow sleep area 
at night when the demand is high. Another worth mentioned feature is that residents initiated the 
vegetable and flower garden in the outdoor roof terrace. With this garden, planting becomes both 
a leisure activity for residents and a healthy food provider to the kitchen. Overall, a shelter 
facility needs to have features that can give residents the feeling of safety and be relieved from 
the nervous environment on the street. 
 



















The design will propose an adaptive reuse design for an existing hotel that is not in use. 
This project will separate the building into two different services, an urban farming facility and a 
homeless shelter, including occupational therapy and related facilities. 
 
For urban farming areas, this project will utilize several indoor farming techniques. It will 
highly rely on hydroponic technology for creating a multi-level indoor vertical farm with the 
assistance of artificial lighting. Greenhouse technology will involve natural light and soil 
farming, providing the natural feeling of traditional gardening, and producing crops that are 
improper to grow on the hydroponic racks, such as potatoes and tomatoes. Aquaponic will also 
function as an aquarium-like facility for public and homeless residents as a medication facility. 
 
In terms of homeless shelter, this project will provide a comprehensive facility as an 
interim housing for helping the homeless population back to their regular life, including 
bedrooms, laundry, cafeteria, communal living spaces, and job-related facilities such as 
occupational therapy and job training in farming, culinary and other related opportunities. This 
building will also have a grocery shop open to the public, minimizing the distance between the 
farm and the customers and providing job opportunities for homeless residents and local 
neighbors. 
 
To minimize the energy cost and waste pursuing a sustainable future living environment, 
solar analysis and passive building envelope for the farming area will also be discussed. After the 
final design, the thesis will conduct an energy cost analysis to examine the sustainability 
achievement of this project. This project is also considering integrated educational programs for 
local people, advocating sustainability for the next level of living style. 
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3.2. Site Analysis 
 
3.2.1. Overview of Los Angeles 
 
The City of Los Angeles, located on the southwest coast, is one of the largest cities in 
California. It is the second-most populous city in the United States, with an estimated population 
of nearly four million people in the City of Los Angeles and roughly 19 million people scattered 
in the Great Los Angeles Metropolitan Area, including five counties: Los Angeles, Riverside, 
Ventura, Orange, and Santa Bernardino. Within about 18 miles of the Pacific Ocean, Los 
Angeles is known for its Mediterranean climate, ethnic diversity, and sprawling urban style. 
 
   
Figure 3.2.1-1 California Location  Figure 3.2.1-2 Los Angeles City Location58 
 
3.2.2. Brief History of Los Angeles 
 
Los Angeles started in 1781 as a tiny village but soon expanded greatly alone with the 
new water supply from the Owen River. Later in 1850, 58 counties were birthed and scattered 
throughout California and officially became a state in that year. The city of Los Angeles became 
a world-class city very recently in the late 20th century. Before, it was considered only a “large 
overgrown village” due to the lack of traditional elements of a city, such as natural harbors and 
skyscrapers. But it has established itself as an influential center of business and culture in its own 
way and its own styles.59 
 
 
58 Nathan S. Holmes, “Places in LA, Explained,” Medium (Medium, June 30, 2020), 
https://nsholmes21.medium.com/the-puzzle-of-places-in-la-18e8a537e3ac. 
 
59 Leonard M. Pitt, “Los Angeles,” June 26, 2020, https://www.britannica.com/place/Los-Angeles-California 
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3.2.3. City Culture of Los Angeles 
 
Los Angeles is rich with arts and ethnically diverse. The multiethnic population makes 
Los Angeles a city as the cultural hub of the Pacific Rim, constituted by people from more than 
140 countries and speaking 224 different languages. The city does not have a majority 
population. According to U.S. Census Bureau 2018 report, there is not a single ethnic populate 
more than 50% population in Los Angeles.60 
 
The art and entertainment industries are influential in the Los Angeles Area, with 774 
properties dedicated to culture and recreation. The city has become one of the best cities for 
culture in the United States. Despite its high population, there is still one cultural attraction for 
every 5000 people. At the same time, the city provides more than 23,000 art jobs and becomes 
the country’s leading artistic center. 61 
 
The Healthcare industry is currently the largest in terms of employed population with 
11.9% population in the industry with retail 10.4%, hospitality 8.6%, manufacturing 8.5%. 
Although the city is famous for the art and entertainment industry, only 4% population working 
in the industry.62 
 
Agriculture, which currently stands for only 0.4%, was actually one of the leading 
industries in the Los Angeles Area, ranked as the nation’s top farm county from 1909 to 1949.63 
While the population grows, most farmlands are now occupied by concrete. The government 
starts to encourage urban agriculture with a tax incentive program. 




60 “Facts About Los Angeles,” Discover Los Angeles, accessed September 22, 2020, 
https://www.discoverlosangeles.com/media/facts-about-la. 
 
61 Megan Willett, “The 20 Best US Cities For Culture,” Business Insider (Business Insider, August 22, 2014), 
https://www.businessinsider.com/best-cities-for-culture-2014-8. 
 
62 “Industries - The Demographic Statistical Atlas of the ...,” Industries in Los Angeles, California, accessed 
September 22, 2020, https://statisticalatlas.com/place/California/Los-Angeles/Industries. 
 




Life in Los Angeles is highly reliant on the automobile, with the minor assistance of mass 
transportation because of its low-density urban nature.  Los Angeles is the second most 
populated city, with only 8,500 people per square mile compared to 28,000 people per square 
mile in New York City.64 
 
The way the Los Angeles metropolitan area looked is highly related to its history. A 
relatively low skyline with countless single-family houses sprawling all over the metro area 
started from the building height restriction between 1905 and 1957, which set the ceiling at 130 
feet by the City Council. Not only because the entire L.A. area is sitting in the pacific earthquake 
zones, but because many immigrants at that time came to Los Angeles to get away from the 
shaded streets of Eastern cities.65  
 
Today, after the restriction has been lifted for more than half a century, local neighbors 
still rise against any large-scale developments and tall buildings to avoid denser neighborhoods 
and more congestion in any part of the city. This erroneous planning brings the city sprawled as 
much as possible, creating a horrible place to walk or bike even if the weather is perfect for such 
activities in Southern California. While the city has sprawled to its limit horizontally, it has 
started to rethink the possibility of creating a denser and pedestrian friendlier urban area to 
prepare for the expected population growth shortly.66 
 
 
64 Mike Maciag, “Population Density for U.S. Cities Statistics,” Governing, 2017, https://www.governing.com/gov-
data/population-density-land-area-cities-map.html. 
 
65 Ray Hebert, “No Tall Buildings : Aesthetics, Not Quakes, Kept Lid On,” Los Angeles Times (Los Angeles Times, 
July 8, 1985), https://www.latimes.com/archives/la-xpm-1985-07-08-me-9715-story.html. 
 
66 Les Dunseith, “Can L.A. Fix Its Broken Planning System?,” UCLA Luskin, August 17, 2018, 
https://luskin.ucla.edu/can-l-fix-broken-planning-system. 
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3.2.5. Climate of Los Angeles 
 
Lying between the Pacific Ocean with California Current on the west and mountain 
ranges surrounding the city, Los Angeles experiences a Mediterranean climate with warm and 
dry summers and wet and mild winters. The ocean provides cool breezes during summer and 
keeps the temperature warmer in winter, while the mountains blocked cold air from the north.67 
 
 
Figure 3.2.5-1 Average Temperature and Precipitation68 
 
The rainfall in Los Angeles is as low as only 15 inches annually, with precipitation days 
focusing on winter from December to February. Temperature-wise, L.A. has cool summer and 
relatively warm winter, with the hottest month in August at an average of 89 °F and the chilly 
month at an average of 66 °F in winter during the day. The temperature could drop drastically at 
night, with about 20 °F difference regardless of the seasons. With this mild climate but vast lands 
cover from the coastal area, flat terrain to hilly mountains, the microclimate in Los Angeles can 




67 “Los Angeles, CA - Detailed Climate Information and Monthly Weather Forecast,” Weather Atlas, accessed 
September 23, 2020, https://www.weather-us.com/en/california-usa/los-angeles-climate. 
 




The wind in Los Angeles is relatively gentle and does not cause any uncomforting 
compared to other cities in the United States, while solar becomes another influential factor in 
the area. 
 
Figure 3.2.5-2 Cloudy, Sunny, and Precipitation Days69 
 
On average, there are 284 sunny days in Los Angeles with more than 3000 solar hours, 
compared to the national average of 205 sunny days.70 
 
3.2.6. Vegetation of Los Angeles 
 
Sunny Los Angeles not only provides sufficient solar power outputs, with the mild 
temperature, the city also provides a proper living environment for a significant number of plants 
to grow. Because of this, farming and urbanization have destroyed the native habitat of fauna. 
Hundreds of exotic flowers, trees, and many other vegetations have migrated to the area because 
nearly every plant species can grow in the area.71 
 
 
69 Lbid, 52. 
 
70 Dave Llorens, “How Much Solar Power Does the Average Home Need in Los Angeles?,” Solar Power Rocks, 
November 13, 2012, https://www.solarpowerrocks.com/los-angeles-solar/how-much-solar-power-does-the-average-
home-need-in-los-angeles/. 
 
71 Leonard Pitt, “Natural Environment,” September 18, 2020, https://www.britannica.com/place/Los-Angeles-
California/Landscape. 
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3.2.7. Proposed Project Site – 1906 W 3rd St., Los Angeles, CA 90057 
 
The proposed project site is an existing unoccupied 2.5 stories hotel building located in 
Westlake District, a residential and commercial neighborhood between Korean Town and DTLA 
in Central Los Angeles. The property faces the declining commercial West 3rd Street but is next 
to a relatively busier residential Bonnie Brae Street. 
 
 
Figure 3.2.7 Project Site and Surrounding Figure Ground 
 
Figure 4.4.1 clearly shows the urban density. While most commercial buildings are 
sitting on West 3rd Street Beverly Boulevard and West 6th Street, smaller residential buildings 
are seated in between. With commercial buildings in proximity and a public park close by, these 
residential buildings should be attractive in nature. On the contrary, this neighborhood was 
considered a lousy and unsafe area since the 80s, and finally under the improvements in recent 








3.2.8. Demography in Westlake 
 
According to American Community Survey 2016 by the United States Census Bureau, 
125,000 residents currently live in the area, with a population density of 31,200 people per 
square mile, which is 273% higher than the average density in Los Angeles. The community is 
considered not diverse ethnically compared to surrounding neighborhoods, with the major ethnic 
group here 48.6% Latino. The median age here is 33.6, 4% lower than the Los Angeles average. 
 
Even though the area looks popular in recent years, the attractiveness of this 
neighborhood is not the living environment itself or the geographic location but more of its cost 
of living. The rental prices here are 23% lower than the Los Angeles average, and real estate 
prices are even less costly at prices of 62% lower than the Los Angeles average. While the living 
cost here is 26% lower than the Los Angeles average, the crime rate is 4% higher than the Los 
Angeles average and 32% higher than the national average. It is probably caused by the low 
income and the high unemployment rate here, with medium household income 43% lower than 
the national average and unemployment rate 40% higher. 
 
Another notable piece of information is that more than 51% of families in the 
neighborhood have kids under 18 compared to the national average of 43%. Because of this, 
Westlake contains many primary and secondary schools.73 When walking on the street in the 
















3.2.9. Surrounding Context & Traffic 
 
 
Figure 3.2.9 Surrounding Context and Transportation 
 
With the location in a residential and commercial mixed area, many different uses, 
including groceries and restaurants, can be reached easily within a half-mile walking distance. 
Although, the choice of healthy food has not had enough variety. Different health-related 
facilities can be found in the area, covering all kinds of health issues from hospitals to urgent 
care and nursing homes. 
 
As mentioned before, the city is highly reliant on automobiles, and surface parking exists 
in most commercial buildings. While that is not the case for residential buildings without space 
for surface parking, there is always underground parking hidden below the buildings. Public 
transportation barely exists here, with only two different bus routes that are reachable from the 
project site. Therefore, a parking facility on-site is highly recommended. Despite the lack of 
public transportation, walkability is still notable in this neighborhood because of the population 




3.2.10. Current Condition of the Project Site 
 
    
     
             





Figure 3.2.10-1    W. 3rd Street View Figure 3.2.10-2 Bird Eye View 
Figure 3.2.10-3   West Side Alley View Figure 3.2.10-4 S. Bonnie Brea Street View  
Figure 3.2.10-5   Half Underground Parking Lot Figure 3.2.10-6   Indoor Hallway 
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3.2.11. Surrounding Context & Traffic 
 
 
Figure 3.2.11 Project Site Analysis 
 
The building is separated into two towers connected by a parking floor and upper stair 
terrace with two other bridge connections. 
 
With the building sitting in the city center, its microclimate is similar to the macroclimate 
in Los Angeles. Because the high-rise buildings are mainly located on its southeast side, the 
prevailing winds from the northeast and southwest sides are not blocked. The existing building 
shape can potentially create a wind tunnel though not necessarily reduce the comfort level due to 
its mild temperature. 
 
The surrounding buildings will not provide any sunshade due to their heights and 
distance, giving our project site a good chance of utilizing natural lights in all directions, except 
the center of the southwest façade. The second-floor terrace separates our building into two 
pieces and provides more natural light into the building from the center. 
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3.2.12. Existing Building Area: 95,000 square feet 
 
Ground Floor (Parking Lot) - 35000 sf 
Second Floor - 25000 sf with 7200 sf outdoor 
Third Floor - 27800 sf 
 
3.3. Project Goal 
 
The project goal aims to provide greens and diverse food options to the neighborhood 
with the minimized food miles and energy consumption. At the same time, the design project 
intends to provide a safe and relaxing homeless support facility for all the homeless population, 
providing all the facilities they need. Finally, a project goal is to engage the community with the 
project site, because socializing is also a good way of helping people back to their regular life. 
 
3.4. Design Program 
 
3.4.1. Hydroponic Farm:  
Size to be determined as in schematic design. 
Spaces beside other uses will be assigned as the hydroponic farms, producing greens and 
herbs for both residents and customers. This farm will be mainly worked by the residents, 
with some full-time staff supervising the process. 
 
3.4.2. Sanitizing Room:  
20 sf per user.74 
The hydroponic farm could be a much cleaner space than outdoor farming because all the 
indoor spaces are under control and monitor. Therefore, having a sanitizing room before 
entering the hydroponic farm to assure the indoor environment does not get 




74 Thibault Nordey et al., “Protected Cultivation of Vegetable Crops in Sub-Saharan Africa: Limits and Prospects for 
Smallholders. A Review,” Agronomy for Sustainable Development 37, no. 6 (2017), 
https://doi.org/10.1007/s13593-017-0460-8. 
 60 
3.4.3. Mushroom Farm (Shaded Farm):  
Size to be determined as in schematic design. 
In the precedent study of Bunker Comestible in France, the spaces without natural light 
are not necessary to adopt artificial light if used for farming, but a good opportunity for 
vegetables that grow in the shade. Mushrooms are a perfect example when talking to 
vegetables grown in the shade. Besides mushrooms, other vegetables that grow in the 
shade are also considerable. The size is flexible and will be determined according to 
available spaces and the design. 
 
3.4.4. Greenhouse:  
Size to be determined as in schematic design. 
According to previous research and the interview with the hydroponic farm manager in 
RIT, having traditional soil farming could provide more joyfulness in the farm. Besides 
the irreplaceable feeling of the touch of soils, some crops are not easy to grow in soil-free 
systems due to their sizes or the way they grow. By utilizing greenhouse technology, this 
project can not only teach more different farming skills but at the same time provide a 
natural environment in the urban area. The size is flexible and will be determined 
according to available spaces and the design. 
 
3.4.5. Aquaponic Farm:  
Size to be determined as in schematic design. 
In terms of the aquaponic system, the ratio of fish and plants affects the required area. As 
the program size will be determined later in the schematic design, the proportion of fish 
to plants 1:2 will be kept in mind. And the average space that fish requires will be about 
ten grown fish per 55-gallon water. 
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3.4.6. Warehouse:  
Size to be determined according to crop yields. 
While most crops have their optimal storage condition at 32 °F, a refrigerated space 
should function as a storage for crop yields (reference the number of crops to production 
generator.xml).75 And another room temperature warehouse should be provided as a 
storage room for packages and other equipment. 
 
3.4.7. Packaging Facility:  
Size to be determined according to crop yields. 
A packaging facility should be provided for washing and preparing products for sale. 
 
3.4.8. Cafeteria:  
Size to be determined as in schematic design. 
The cafeteria will work as a communal gathering area for the non-residents, and related 
job skill training will possibly be happening here at the same time. The circulation should 
consider more than 400 meals at a time (300 guests + 120 residents). 
 
3.4.9. Kitchen:  
Size should be about 50% of the cafeteria. 
This kitchen will mainly be used for preparing food for homeless guests and at the same 
time produce light meals for shops. This space should also consider the scenario of job 
training of culinary-related skills. 
 
3.4.10. Shops:  
3000 sf. 





75 Lutz, J. M. 1908-1968. The Commercial Storage of Fruits, Vegetables, and Florist and Nursery Stocks. District of 
Columbia: U.S. Dept. of Agriculture; [for sale by the Supt. of Docs., U.S. Govt. Print. Off., 1968], 1968. 
 62 
3.4.11. Bedrooms:  
15,000 sf + 2,500 sf. 
About 40 Double Bedrooms will host 80 homeless people in this project. Another shared 
sleeping room will serve about 40 people with cubicle beds and lockers. 
 
3.4.12. Bathrooms:  
500 sf for Male + 500 sf for Female. 
Each double bedroom will have its own bathroom. For the shared sleeping, there will be 
one communal bathroom for males and the other one for females, including toilets and 
showers. The communal bathrooms should consider not only the residents but also people 
who do not live here. 
 
3.4.13. Laundry Room:  
400 sf.76 
This will include a scheduled service for all guests to clean their personal clothes. 
 
3.4.14. Living Space (Communal Space): 
A communal space mainly used by residents will be used for gathering and job searching, 
such as a small computer area. 
 
3.4.15. Storages: 
There should be a storage room closed to communal space providing general storage for 
items to give and extra beds for overflow sleeping use. 
 
3.4.16. Lobby:  
200 sf, could be combined with other related spaces. 








3.4.17. Office:  
2900 sf Offices + (100 Reception). 
200 sf x 2 Private offices + 100 sf x 20 Workstations + 500 sf 15 ppl meeting room.77 
There will be an office for all the staff, including managers, farmers, and other general 
staff. The ratio of staff to residents will be 1:25. Therefore five staff will be serving 
resident.78 And there will be about 20 staff for farming and retailing according to the 
interview I’ve made with an indoor farming manager at RIT. A 15 people conference 
room for a staff meeting and outside cooperation discussions. 
 
3.4.18. Conference Room:  
30 sf per seat. 
The design should also consider some extra conference rooms for some other uses 
besides meetings and guest therapy. 
 
3.4.19. Parking:  
25~30 parking stalls. 





77 Office Finder, “How Much Office Space for This?How Much Office Space for That?,” Office Space at 
OfficeFinder, accessed October 20, 2020, https://www.officefinder.com/how.html. 
 
78 Ohio Coalition for the Homeless, “Shelter Standards Clarification Manual,” Shelter Standards Clarification 


















4.1. Design Concept 
 
 
Figure 4.1.1 Street View 
 
The project is a combination of three different facilities, urban farming, homeless 
support, and community engaging spaces. How these places work independently and 
interactively becomes the main design quest. 
 
On the first floor, the grocery shop is located on the west wings of the street side, facing 
West 3rd Street. The east wing shows an aquarium, exhibiting the aquaponic system to the local 
neighbors and pedestrians waiting for the buses in front of the aquarium. Pedestrians passing 
through the street will find the grocery shop or the aquarium then see a central entrance with a 
park-like open terrace on the second floor. 
 
The idea of the street façade is to be transparent so that everyone who is passing by can 
see the indoor farms directly, as a promotion of the project itself and the indoor farming 













First Floor Plan 
 
 
Figure 4.1.3 First Floor Plan  
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Second Floor Plan 
 
 
Figure 4.1.4 Second Floor Plan  
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Third Floor Plan 
 
 
Figure 4.1.5 Third Floor Plan  
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Figure 4.1.6 Public Spaces 
 
 
Figure 4.1.7 Farming Facilities 
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While the street side of the building is more of a community area for public use, the 
farming facilities scatter over the building according to its usage and the sunlight requirement. 
Mushroom farms, for example, require little indirect sun. Therefore, the half underground first 
floor becomes the best location for its growth. And the hydroponic farm on the street side above 
the aquarium directly uses the fish water and nutrients as a sustainable aquaponic system. 
 
The design uses the original structure bringing the second-floor terrace into two similar 
but different uses, one as a welcome garden cheering up all the visitors, providing a hidden green 
space in the concrete metropolitan area. The second half of the terrace acts like a square feet 
garden system that invites residents, staff, and the local community to grow plants in this garden, 
bringing more community engagement to this property. It is an idea from the interview with the 




Figure 4.1.8 Homeless Support 
 
 While most homeless supporting facilities are on the upper floors, it gives the occupants 




The interlacing areas of these three functions show how different uses can increase each 
other’s performance levels. The indoor farm provides an indoor and outdoor green space for the 
homeless shelter, increasing the comfort level both mentally and physically. And at the same 
time, it creates the opportunity for practical occupational therapy, helping occupants training on 
work skills and getting themselves back to their regular life. The indoor farm also provides 
healthy food for residents and local neighbors through the cafeteria and grocery shop. With the 
overloaded homeless population and local neighbors, the farming facility does not need to worry 
about working labor, therefore keeping providing fresh food for the city and at the same time 
promoting the idea of growing locally in the city center. 
 
4.2.1. Grocery Shop 
 
 
 Figure 4.2.1 Grocery Store 
 
The grocery store is the front line between the local neighborhood and this project. A 
triple-height space in the entry area, with the direct vision of the upper two stories of indoor 
farms, gives the consumers a sense of where the vegetables they are purchasing are coming from, 




4.2.2. Public Garden 
 
 
Figure 4.2.2 Public Garden 
 
The first impression is critical for every project, especially for a homeless shelter project 
where most occupants come after a stressful day. The first scene welcoming the guests is a roof 
garden that feels like a hidden park in the city, with the vision of a packaging facility, indoor 
farms, and the cafeteria. Seating is provided here as well, not only for whoever comes and enjoys 





 Figure 4.2.3 Cafeteria 
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The cafeteria is one of the busiest areas in the building. People who are facing living 
difficulties could come here and try to get refreshed. Having a healthy meal serves them the 
power and nutrients to keep fighting for their life. The main design here is to have a double-
height space all the way up to the greenhouse roof, bringing abundant natural light and warmth 
into the area and having a direct vision to the third-floor farming area. It is where the farming 
facility and homeless supporting resources meet. 
 
4.2.4. Square Feet Garden 
 
 
Figure 4.2.4 Square Feet Garden 
 
The Square Feet Garden is located on the backside of the open terrace on the second 
floor, assigned as a place for whoever wants to plant their own vegetation. With a total of 131 
two feet by two feet planter boxes, local neighbors and residents are encouraged to adopt one or 
more and plant whatever they are happy to and harvest their own crops. The garden is 
encouraging the interaction and conversation of a different group of people. At the same time, 









4.2.5. Communal Space 
 
 
Figure 4.2.5 Communal Space 
 
The Communal area is where residents spend their days, and it is also the first stop for 
new residents. Space includes a reception, med bay, occupational therapy room, kitchenette, and 
an enormous linear gathering space with a direct connection to the Square Feet Garden. The 
indoor-outdoor feeling, vegetation, and the social gathering could influence a positive effect on 
residents’ mental health. 
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4.3. Sustainable Feature 
 
The overall project is designed to increase the overall social sustainability in the city by 
trying to improve the housing issue and food crisis. At the same time, to help the economy 
sustainability by reducing the money waste on food transportation and the food waste that 
happens during the delivery process. The designer also considers the environmental impact of the 




4.3.1.1.Native and Adaptive Plants 
 
As an area facing an extreme drought situation, water is a precious resource that needs to 
be taken care of and not wasted. The vegetation in the Public Garden is specified with plants that 
can be found around the project site. With the verification of plant identifying technology, all the 
plants in the garden are confirmed as native or adaptive plants that do not require extra irrigation. 
 
 








Rainwater is one of the best water resources for fish cultivation and plant growing. With 
the gigantic existing roof structure, the project is potentially able to collect a good amount of 
rainwater in the winter. Unlike projects located in rainy climate areas, this project does not 
require a big cistern but a minor water storage system. The collected rainwater diverges into the 
basement and the Square Feet Garden for easier fetch and as a showcase for public visitors. 
 
  
               Figure 4.3.1-2 Rainwater Collector   Figure 4.3.1-3 Dehumidified Water 
 
 
4.3.1.3.Dehumidify for humidifier: 
 
Different crops require a diverse level of humidity in most conditions, especially in the 
soilless hydroponic system. The dehumidifier is requisite for maintaining proper moisture in case 
the rotted root happens. At the same time, some crops like mushrooms are demanding high levels 
of humidity to grow. The water dehumidified from the hydroponic farms will offset the water for 










4.3.2.1. Interior Layout: 
 
Most plants require a high level of solar exposure to produce crops. This project can 
reduce the energy consumption for artificial lighting by maximizing the daylight level. 
Therefore, a daylight study has been conducted for studying daylight conditions in different 
spaces in this project. 
 
 
Figure 4.3.2-1 Interior Layouts 
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Figure 4.3.2-2 Interior Layouts Isometric 
 
 
Figure 4.3.2-3 Second Floor Solar Analysis 
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The second floor has a relatively lower daylight level because of its location in the 
building. While the natural light is mainly coming into the building from the east side of the 
building, the analysis shows that the west sides of the rooms have lower daylight levels 
compared to the east sides. Therefore, the interior layout is arranged in the East-West direction to 
minimize the chance of furniture and shelves blocking daylights. This East-West layout happens 
especially in the street side hydroponic farming room. 
 
 
Figure 4.3.2-4 Third Floor Solar Analysis 
 
The third floor has a higher daylight level in the farming facilities because of the 
greenhouse structure. The transparent glass roof simply maximized the daylight level in the area. 
The interior layout under this type of roof structure does not affect the light level in the room 
because all the light is majorly coming from the top. The farming shelves can be arranged freely 
as the staffs’ demand or in a south-north direction like how it is in the plan to minimize the 




4.3.2.2. Operable Roof: 
 
The greenhouse structure has been used in the indicated area and could overheat the 
space or the plants. An operable roof system functions as a heat vent for both the hydroponic 
farm and the cafeteria area. This system can reduce the energy consumption for air cooling in the 
early summer. And it can also save energy for the dehumidifier on the farm while the water 
vapor could escape from the vent. 
 
 























5.1. Project Review 
 
The project’s success can be analyzed both quantitatively and qualitatively. Through the 
interaction between the functions of the homeless shelter, urban farm, and adaptive reuse can be 
analyzed independently and interactively.  
 
Begin with the urban farming facility. This project creates 2,700 square feet of the 
mushroom farm, 13,450 square feet of the hydroponic farm, and 2,400 square feet of the 
aquaponic farm. If growing 20% herbs and 80% greens in the hydroponic farm, the expected 
produce is 6,000 pounds of greens per week and 16,000 ounces of herbs per week, plus the extra 
fish cultivated in the 1,750 square feet aquarium for the aquaponic farm and different types of 
the mushrooms. This number of crops can healthily feed all the occupants in the property and 
have extra yields to support residents and restaurants. According to the calculator, the total 
revenue for only greens and herbs is approximately $3,500,000 per year (50 weeks). 
 
 
Figure 5.1.1 Farm Analysis 
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As for the homeless supporting facility, the third-floor interim housing provides 42 units 
sheltering 84 residents at a time. With full support service ranging from occupational therapy, 
communal space with kitchenette, cafeteria, and shared living space closed to the bedrooms. 
 
 
Figure 5.1.2 Homeless Support Analysis 
 
As for the homeless supporting facility, the third-floor interim housing provides 42 units 
sheltering 84 residents at a time. With full support service ranging from occupational therapy, 
communal space with kitchenette, cafeteria, and shared living area close to the bedrooms. 
 
With the entire project building on an existing abandoned hotel, more than 80% of the 
parking floor and more than 70% of the third-floor area were kept and reused. The rest of the 
floor area has been renovated as the new improvement of the property, and the newly added 
garden structures are on the 7,000 square feet empty open terrace as the new welcome center of 
the entire property. 
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Qualitatively, these quantitative results not only work independently but are all improved 
with the other functions. The urban farm provides green spaces and healthy crops, which 
improves mental health and physical health for the building occupants. At the same time, it also 
provides the opportunity for residents to gain practical experience and function as occupational 
therapy. While the interim housing creates living space for the homeless by using the existing 
hotel structures, the abandoned building keeps most floor areas because the spatial requirements 
are similar. The homeless shelter also helps the entire neighborhood fixing its housing crisis and 




The world is facing an emergency change in our farming method so that our food 
production could support future population growth. While most urban indoor farms in recent 
years are new construction or adaptive reuse of the existing factory and the garage, the one 
combined with homeless shelter is relatively unique. This experimental design explores the 
benefits of this new combination, finding the success of different functions working 
independently and interactively. 
 
Besides the combination is working well, this experiment is worth exploring because of 
the shifting of the hotel industry and the way people do business nowadays. There are 
predictably more and more hotel buildings and motel structures going to be out of business no 
matter which cities are. Furthermore, this model is possible to be copied to all the other 
abandoned hotel buildings and relieve the housing crisis and the food emergency at the same 




















6.1.1.  “World Population Prospects: The 2017 Revision | Multimedia Library - United Nations 
Department of Economic and Social Affairs.” United Nations. United Nations. Accessed 
November 10, 2019. https://www.un.org/development/desa/publications/world-
population-prospects-the-2017-revision.html. 
 
6.1.2. Despommier, Dickson D. The Vertical Farm: Feeding the World in the 21st Century. 
New York: Picador, 2011. 
 
6.1.3. Monica Woods, “Housing versus Agriculture: The Battle for California's Land,” 




6.1.4. Edward Thompson, “Agricultural Land Loss &amp; Conservation,” July 2009, 
https://www.cdfa.ca.gov/agvision/docs/Agricultural_Loss_and_Conservation.pdf. 
 
6.1.5. Al-Kodmany, Kheir. “The Vertical Farm: A Review of Developments and Implications 
for the Vertical City.” Buildings 8, no. 2 (May 2018): 24. 
 
6.1.6. “Los Angeles County Homelessness & Housing Map.” County of Los Angeles, June 10, 
2020. https://storymaps.arcgis.com/stories/400d7b75f18747c4ae1ad22d662781a3 
 
6.1.7. Marcotte, Mackenzie. “Healing the Homeless with Grow Good.” Food Tank, December 
19, 2016. https://foodtank.com/news/2016/11/healing-the-homeless-with-grow-good/ 
 
6.1.8. Oliver, David. “Half of US Hotels Could Close amid Coronavirus Crisis, Industry Exec 





6.1.9. Doug, Smith. “'Tell the Hotels They Are Commandeered.' Homeless Activists Are 




6.1.10. Gourarie, Chava. “Hilton Times Square Closing Permanently.” Commercial Observer. 





6.1.11. “State Of The Hotel Industry Analysis: Covid-19 Six Months Later” (American Hotel & 
Lodging Association, August 31, 2020), 
https://www.ahla.com/sites/default/files/State%20of%20the%20Industry.pdf. 
 
6.1.12. Vik Krishnan et al., “Hospitality and COVID-19: How Long until 'No Vacancy' for US 




6.1.13. Trapasso, Clare. “As the Pandemic Empties Office Buildings, Can Those Spaces Help 
Solve the Housing Crisis?” Real Estate News and Advice, August 12, 2020. 
https://www.realtor.com/news/trends/office-hotel-conversions-to-housing/. 
 
6.1.14. Tinoco, Matt. “Does LA Actually Have More Vacant Units Than Homeless People? Our 




6.1.15. Despommier, Dickson. “Farming up the City: the Rise of Urban Vertical Farms.” Trends 
in Biotechnology 31, no. 7 (2013): 388–89. 
 
 89 
6.1.16. Gwen Bruno, “A Short History of the Greenhouse - Dave's Garden,” March 1, 2012, 
https://davesgarden.com/guides/articles/view/3607. 
 
6.1.17. Yoon, Sang Jun, and Jan Woudstra. "Advanced Horticultural Techniques in Korea: The 
Earliest Documented Greenhouses." Garden History 35, no. 1 (2007): 68-84. Accessed 
October 13, 2020. doi:10.2307/25472355. 
 
6.1.18. Jason Treat, “This Tiny Country Feeds the World,” How the Netherlands Feeds the 




6.1.19. Bacon, Francis. Sylva Sylvarum, or, A Natural History, in Ten Centuries: Whereunto Is 
Newly Added The History Natural and Experimental of Life and Death, or of The 
Prolongation of Life. London: Printed by B. Griffin, 1980. 
 
6.1.20. Douglas, James Sholto. Advanced Guide to Hydroponics: Soilless Cultivation. London: 
Pelham, 1989. 
 
6.1.21. “The History of Hydroponics - The Past, The Present, and The Future.” Green and 
Vibrant. Accessed November 10, 2019. https://www.greenandvibrant.com/history-of-
hydroponics. 
 
6.1.22. “National Nutrition Month: Hydroponics Feed Ailing WWII Army Air Forces.” Air 








6.1.24. “Home,” Home, accessed September 31, 2020, https://yeager-energy.com/. 
 
6.1.25. Thibault Nordey et al., “Protected Cultivation of Vegetable Crops in Sub-Saharan Africa: 
Limits and Prospects for Smallholders. A Review,” Agronomy for Sustainable 
Development 37, no. 6 (2017), https://doi.org/10.1007/s13593-017-0460-8. 
 
6.1.26. John M. Wachira, Patience M. Mshenga, and Mwanarusi Saidi, “Comparison of the 
Profitability of Small-Scale Greenhouse and Open-Field Tomato Production Systems in 
Nakuru-North District, Kenya,” Asian Journal of Agricultural Sciences 6, no. 2 (2014): 
pp. 54-61, https://doi.org/10.19026/ajas.6.5303. 
 
6.1.27. “What Are Hydroponic Systems and How Do They Work?,” Fresh Water Systems, 
accessed September 31, 2020, https://www.freshwatersystems.com/blogs/blog/what-are-
hydroponic-systems. 
 
6.1.28. Verticalroots, “What Is Hydroponic Farming? Why Use Hydroponics?,” September 29, 
2020, https://www.verticalroots.com/the-what-and-why-of-hydroponic-farming/. 
 
6.1.29. Growpackage Eco Farm, “What's the Best Growing Medium for Hydroponics,” Medium 
(Medium, September 17, 2019), https://medium.com/@cannabisgrowkit/whats-the-best-
growing-medium-for-hydroponics-55db597d6b64. 
 
6.1.30. Pattillo, D. Allen, "An Overview of Aquaponic Systems: Hydroponic Components" 
(2017). NCRAC Technical Bulletins. 19. http://lib.dr.iastate.edu/ncrac_techbulletins/19 
 
6.1.31. James E. Rakocy, “Aquaponics-Integrating Fish and Plant Culture,” Aquaculture 
Production Systems, 2012, pp. 344-386, https://doi.org/10.1002/9781118250105.ch14. 
 
6.1.32. A.p. Shete et al., “Optimization of Hydraulic Loading Rate in Aquaponic System with 
Common Carp (Cyprinus Carpio) and Mint (Mentha Arvensis),” Aquacultural 
Engineering 72-73 (2016): pp. 53-57, https://doi.org/10.1016/j.aquaeng.2016.04.004. 
 
 91 
6.1.33. J. He, “Integrated Vertical Aeroponic Farming Systems for Vegetable Production in 
Space Limited Environments,” Acta Horticulturae, no. 1176 (2017): pp. 25-36, 
https://doi.org/10.17660/actahortic.2017.1176.5. 
 
6.1.34. “Aeroponic Systems: Gardening Tips for Hydroponic Growers,” Aeroponic Systems: 




6.1.35. Touliatos, Dionysios, Ian C. Dodd, and Martin Mcainsh. “Vertical Farming Increases 
Lettuce Yield per Unit Area Compared to Conventional Horizontal Hydroponics.” Food 
and Energy Security 5, no. 3 (June 2016): 184–91. 
 
6.1.36. Gibbs, H. K., A. S. Ruesch, F. Achard, M. K. Clayton, P. Holmgren, N. Ramankutty, and 
J. A. Foley. “Tropical Forests Were the Primary Sources of New Agricultural Land in the 
1980s and 1990s.” PNAS. National Academy of Sciences, August 31, 2010. 
https://www.pnas.org/content/early/2010/08/30/0910275107.abstract. 
 
6.1.37. Ross, Gilbert. “Risks and Benefits of DDT.” The Lancet 366, no. 9499 (2005): 1771–72.  
 
6.1.38. Kole, R. K., H. Banerjee, and A. Bhattacharyya. “Monitoring of Market Fish Samples for 
Endosulfan and Hexachlorocyclohexane Residues in and Around Calcutta.” Bulletin of 
Environmental Contamination and Toxicology 67, no. 4 (2001): 554–59. 
 
6.1.39. Andreu, Vicente, and Yolanda Picó. “Determination of Pesticides and Their Degradation 
Products in Soil: Critical Review and Comparison of Methods.” TrAC Trends in 






6.1.40. Senthilkumar, Kurunthachalam, Kurunthachalam Kannan, Annamalai Subramanian, and 
Shinsuke Tanabe. “Accumulation of Organochlorine Pesticides and Polychlorinated 
Biphenyls in Sediments, Aquatic Organisms, Birds, Bird Eggs and Bat Collected from 
South India.” Environmental Science and Pollution Research 8, no. 1 (2001): 35–47. 
 
6.1.41. Cho, Renee, Renee Cho, and Fujimoto. “Vertical Farms: From Vision to Reality.” State 
of the Planet, December 1, 2011. https://blogs.ei.columbia.edu/2011/10/13/vertical-
farms-from-vision-to-reality/. 
 
6.1.42. Weber, Christopher L., and H. Scott Matthews. “Food-Miles and the Relative Climate 
Impacts of Food Choices in the United States.” Environmental Science & Technology 42, 
no. 10 (2008): 3508–13. 
 
6.1.43. Kingsley, Jonathan ‘Yotti,’ and Mardie Townsend. “‘Dig In’ to Social Capital: 
Community Gardens as Mechanisms for Growing Urban Social Connectedness.” Urban 
Policy and Research 24, no. 4 (2006): 525–37. 
 
6.1.44. Christensen, Søren, Pernille Malberg Dyg, and Kurt Allenberg. “Urban Community 
Gardening, Social Capital, and ‘Integration’ – a Mixed Method Exploration of Urban 
‘Integration-Gardening’ in Copenhagen, Denmark.” Local Environment 24, no. 3 (2018): 
231–48. 
 
6.1.45. Sanjuan-Delmás, David, Pere Llorach-Massana, Ana Nadal, Esther Sanyé-Mengual, 
Anna Petit-Boix, Mireia Ercilla-Montserrat, Eva Cuerva, et al. “Improving the 
Metabolism and Sustainability of Buildings and Cities Through Integrated Rooftop 
Greenhouses (i-RTG).” Sustainable Development and Biodiversity Urban Horticulture, 
2018, 53–72. 
 
6.1.46. Katz, Bruce, and Jennifer Bradley. The Metropolitan Revolution: How Cities and Metros 
Are Fixing Our Broken Politics and Fragile Economy. Washington, D.C.: Brookings 
Institution Press, 2015. 
 
 93 
6.1.47. Kalantari, Fatemeh, Osman Mohd Tahir, Raheleh Akbari Joni, and Ezaz Fatemi. 
“Opportunities and Challenges in Sustainability of Vertical Farming: A Review.” Journal 
of Landscape Ecology 11, no. 1 (January 2018): 35–60. 
 
6.1.48. Al-Kodmany, Kheir M. “Sustainable Tall Buildings: Cases From The Global South.” 
International Journal of Architectural Research: ArchNet-IJAR 10, no. 2 (2016): 52. 
https://doi.org/10.1515/jlecol-2017-0016. 
 
6.1.49. Agritecture. “Urban Farms Are Growing Amongst NYC's Skyscrapers.” 




6.1.50. Klein, Jesse. “Looking Up: Vertical Farms Fill Produce Supply Chain Lag during 
Pandemic,” June 11, 2020. https://www.greenbiz.com/article/looking- vertical-farms-fill-
produce-supply-chain-lag-during-pandemic. 
 
6.1.51. Felicia Swartzenberg, “Thinking Outside the Box: RIT Hydroponic Farm Changes the 
Dining Experience,” September 23, 2019, https://www.rit.edu/news/thinking-outside-
box-rit-hydroponic-farm-changes-dining-experience. 
 
6.1.52. Brault, Dave, and Pinhan Su. Hydroponic Farming Technology in RIT. Personal, October 
29, 2020. 
 
6.1.53. Danson, Rob. “Food on Foot Helps Homeless Get Jobs, Apartments, Rebuild Self-







6.1.54. Tom Page, “'World's Largest Vertical Farm' to Feed Middle East's High-Fliers,” CNN 
(Cable News Network, July 10, 2018), https://www.cnn.com/travel/article/dubai-vertical-
farm-emirates-catering/index.html. 
 
6.1.55. Niall Patrick Walsh, "Studio NAB Designs a Floating Urban Farming Tower for Future 




6.1.56. Niall Patrick Walsh, "Sasaki Unveils Design for Sunqiao, a 100-Hectare Urban Farming 




6.1.57. Murray Legge, "Austin Resource Center for The Homeless," Murray Legge Architecture, 
accessed October 07, 2020, https://www.murraylegge.com/arch 
 
6.1.58. Nathan S. Holmes, “Places in LA, Explained,” Medium (Medium, June 30, 2020), 
https://nsholmes21.medium.com/the-puzzle-of-places-in-la-18e8a537e3ac. 
 
6.1.59. Leonard M. Pitt, “Los Angeles,” June 26, 2020, https://www.britannica.com/place/Los-
Angeles-California 
 
6.1.60. “Facts About Los Angeles,” Discover Los Angeles, accessed September 22, 2020, 
https://www.discoverlosangeles.com/media/facts-about-la. 
 
6.1.61. Megan Willett, “The 20 Best US Cities For Culture,” Business Insider (Business Insider, 





6.1.62. “Industries - The Demographic Statistical Atlas of the ...,” Industries in Los Angeles, 
California, accessed September 22, 2020, 
https://statisticalatlas.com/place/California/Los-Angeles/Industries. 
 
6.1.63. Liron Brish, “Is Los Angeles a Natural Hub for Agricultural Innovation?,” 
AgFunderNews, December 3, 2019, https://agfundernews.com/is-los-angeles-a-natural-
hub-for-agricultural-innovation.html. 
 
6.1.64. Mike Maciag, “Population Density for U.S. Cities Statistics,” Governing, 2017, 
https://www.governing.com/gov-data/population-density-land-area-cities-map.html. 
 
6.1.65. Ray Hebert, “No Tall Buildings : Aesthetics, Not Quakes, Kept Lid On,” Los Angeles 
Times (Los Angeles Times, July 8, 1985), https://www.latimes.com/archives/la-xpm-
1985-07-08-me-9715-story.html. 
 
6.1.66. Les Dunseith, “Can L.A. Fix Its Broken Planning System?,” UCLA Luskin, August 17, 
2018, https://luskin.ucla.edu/can-l-fix-broken-planning-system. 
 
6.1.67. “Los Angeles, CA - Detailed Climate Information and Monthly Weather Forecast,” 
Weather Atlas, accessed September 23, 2020, https://www.weather-us.com/en/california-
usa/los-angeles-climate. 
 




6.1.69. Lbid, 52. 
 
6.1.70. Dave Llorens, “How Much Solar Power Does the Average Home Need in Los Angeles?,” 




6.1.71. Leonard Pitt, “Natural Environment,” September 18, 2020, 
https://www.britannica.com/place/Los-Angeles-California/Landscape. 
 
6.1.72. “To Stay near Westlake or NOT? - Los Angeles Forum,” Tripadvisor, accessed 
September 24, 2020, https://www.tripadvisor.com/ShowTopic-g32655-i61-k9130247-
To_stay_near_Westlake_or_NOT-Los_Angeles_California.html. 
 
6.1.73. Areavibes, "Westlake, Los Angeles, CA," Westlake, CA, accessed September 24, 2020, 
https://www.areavibes.com/los angeles-ca/westlake/) 
 
6.1.74. Thibault Nordey et al., “Protected Cultivation of Vegetable Crops in Sub-Saharan Africa: 
Limits and Prospects for Smallholders. A Review,” Agronomy for Sustainable 
Development 37, no. 6 (2017), https://doi.org/10.1007/s13593-017-0460-8. 
 
6.1.75. Lutz, J. M. 1908-1968. The Commercial Storage of Fruits, Vegetables, and Florist and 
Nursery Stocks. District of Columbia: U.S. Dept. of Agriculture; [for sale by the Supt. of 
Docs., U.S. Govt. Print. Off., 1968], 1968. 
 
6.1.76. Blair Hildahl, “Designing For Your Hotel Laundry Facilities!,” Base4, January 8, 2020, 
https://www.base-4.com/hotel-laundry-p1/. 
 
6.1.77. Office Finder, “How Much Office Space for This?How Much Office Space for That?,” 
Office Space at OfficeFinder, accessed October 20, 2020, 
https://www.officefinder.com/how.html. 
 
6.1.78. Ohio Coalition for the Homeless, “Shelter Standards Clarification Manual,” Shelter 
Standards Clarification Manual, accessed October 20, 2020, 
http://raulpage.org/homeless/. 
